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§).*. An engine oil composition 1 which comprises a metal-containing dtetergSntj/ zinc :dithiophosphate, and 
a boron-containing ashless dispenSant^dBsolved or dispersed Ha a base oil?*, characterized by further 
containing an aritiwear "iagent haVing an aliphatic amide compound and either. 5 a dithiocarbamate 
compound or an ester derived from a, fatty aad and boric acid*. ». 
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This invention'relates to improved lubricating dilShavirrtj ex^tl^rftl^ antiwear, especially 

in reducing wear of valve train system, it especially relates to internal combtlstfon engine lubricating oils, and 
additives and additivWmixtures employable for the pre paraxon of such I ubn^ 

BACKGROUND OF THE INVENTION ?,: . .t . , . , 

Automobile spark ignition and I diesel er/gines Have vafve' train' isys'tems. including Valves, carri4 and rocker 
arms i whicrt present special lubrication concerns. It js ext remely important that the lubricant, i.e. the engine 
oil, protects* these 'parts jjom wear. Further, it is important for engine oils to suppress the production of deposits 
in the engiriesfSuch* deposits are produced from non-combustible^ and incomplete' combust ibj(?s of hydro- 
carbon fuels (e.g. ..gasoline, diesel fuel oil) and by the deterioration o*f the engine oil employed. ' 

EhgineoHs use> mineral oitpr ^a synthetic oil as a base oi I ['However; simple > Base oils^aiorie^do not provide 
th^' necessary ^^Vjiei^'t^id^he necessary Wear "protection, deposit control] etc.* required to protect 
'infernal <^mblistidrf'eH^ T hu£ base'pijs are formulated with various, addjt^ auxiliary 
functions^such l as' ashless' disper|ants % metallic detergents ^i.'e., metal-containing' detergents), ahtiwear 
agents, antioxidants (i.e., oxidation inhibitors), viscosity iHdex improvers and the like to give a compounded 
oil (i.e., a lubricating oil composition). ~" 5 ~ r :? ' 5 :<>^ ' - 

lii.. A " Ul ^^ r °t such .® r ?9j , ? e ° n a^itjves are known and employed in practice. Zinc dithiophosphates, for ex- 
ample! are^containedln most all pf thfe commercrairy available internal composition engine oils, especially those 
' used "for autbmobifes Because of their'favorable characteristics as an antiwear agent and performance 1 as an 
oxidation inhibitor. ■ - — ^ ...... o 

U.S. Patent No. 4,201,684 discloses using lubricating oils containing sulfurized fatty acid amides, sulfu- 
nzed fatty acid esters! or ester-amides of a^ amines, such as ^iemanplam in the 

bils^ include zinc'althiophosphate; metal or Sulfurizeo' phenatesfand rrietai hydrorarbyi sulfonates;. 
' U.S. Patent Nb. ao^yft*-HtoWi^\ii^AMiihriv^!«« J Uii« ~iu*kl '~l-izt-ilJ?In.l J: 




tibn reducing agents. 

a ^ ^inc dithibphosphate/ and a borated alkehyi'succinimide or succinate, or mixtures thereof. 

. ,U.S: Patent No. 4,3^,277 borat'ed iujk ur-coritaming 1,2-alkane 

dibls as friction redu^ embodiment, the bilis alsd contain a^metad hycirb.car^ sulfonate a 

metal prfenate. W zihc^ su&immlde or succinate .or mii^uj(§s thereof. 

" U.S. patent Nb; 4,S05^9 disc^ acid-glycol ester, 

an oil-soluble alkenyl succinirriide'pr^^ either a metal riydrocarbyl sulfonate, a 

metaj phenate, a sulfurized ph^ /' * " i 

; 1 U.S. Patent Nbs. 4,563,293 and '4 ^2j9, 576 disclose using' lubricating olls'cbntaininV.borated long-chain 
1 ? J 2i ^! kan ® di6 ^? ^ctfon reducing agent^: The oils also contain a metal hydrocarbyl sulfonate^ a metal phen- 
a te , a zinc dithiophosphate, . and a borated afkenyl su^ or succinate or mixtures'thereof. 

: U.S. Pat. No. 3,933,659" discloses jubncatihg bii 6ornppsJtjon which comprise a majpr^amount of an oil of 
lubricating viscosity, and an effective amount of each of the following: 5 ({) an 'alkenyl succihimide; (2) a Group 
II metal salj of a dihy^drocarbyi dithiophosprtqric acid, (Sj'a compound selected from the group consisting of 

(a) fatty acid esters of dihydric.and other pplyhydric alcohois, and oil soluble oxyalkylated derivatives thereof, 

(b) fatty acid amides of low molecuTar weight amino acids, (c) N-fa'tty aJkyl-N.N diethanoj 1 amines, (d) N-fatty 
alkyl-N.N-difethoxyethanoOj amines, (e) N-fatty alky)-N,N T dipply(ethoxyj.ethanol amines, and (f) mixtures 
thereof, and (4) a baisic sulfurized alkaline earth metal al^pheriate. Such lubricating compositions are useful 
as functional fluids iri ^systems reiqulnnp fluid coupling/ hydraulic fluid and/or lubricatiorVofjelatively moving 
parts, particiiiarry as automatic 'transm'&ion fluids, ' " ° " 

U :'^" ^?v 4f03 ^ 461 dtecloses using a lubricating oil composition having' a bbron derivative of alkye- 
nylsuccinic acid Vrhide, zinc dithibbhosphateV calcium all^lbenzerie-suifonate, and sulfurized oxymetal dithio- 
'carbamate: *' i., .« ; . >, • r 

U.S. Pat. No. 4,960,528 discloses using in an engine crankcase a formulated motor oil containing a small 
amount of the combination of (i) an overbased alkaline earth metal sulfonate, (ii) a zinc dihydrocarbyl dithio- 
phosphate, (iii) a sulfurized carboxylic acid ester, and (iv) a sulfurized fatty acid amide, ester or ester-amide 

of an oxyalkylated amine or mixtures thereof. 

■•«-*'. • * ■ . , . ■ ■ i • ■- *»• . . 

The use of dithiocarbamates in lubricating oils is well known in the art 
, U.S. Patent No. 3,876,550 disclose^ lubricating compositions containing an alkylene bte(dithiocarbamate), 
as an antioxidant,' and a substituted succinic acicl as a rust inhibitor. The alkyiene dithiocarbamate is repre^ 
sented in the patent by the formula RiR2N-C(S)-^alkytene-S-C(S^NR^ Example 5 of the patent describes 
a crankcase lubricant containing a viscosity improver, an ashless dispersant and meihylene bis(dibutyldithio- 
carbamate). The patent further teaches that the composition may also contain various other additives, for ex- 
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ample, detergents, djs^gcs^ats^yiscosj.ty improvers, extreme, pressure^agents, antiwear additives, etc., as 
well as other oxidation ij5hYbitoj^'^n^ ( ''c^rQDsj6n inhibitors anp\.cite,s^an extensive list of extreme pressure 
agent's, corrosion inhibitors and antioxidants, including. 2;jnc salts. qf phosphorpdithoic acid. . 

U.S. Patent No. 4,529,526 discloses (he use of a sutfurized oxymetal dithiocarbamate with a boron deriv- 
5 ative of alkyenylsuccinic acid imide, zinc dithiophosphate, and,calcium aLjkytfjenzene-sulfonate. 

The use of methylene bis(dibutyldithiocarbamate) as an oxidation inhibitor in lubricating oils, in combina- 
tion with other ingredients, js also disclosed in U.S.. Patent N as .^4, 125 ,4,7? and 4,880,551. . 

U.S.. Patent No.^4t£79,p54Js directed to cold temperature greases ano! te^chjes M^ing dithiocarbamates 
such as Vanlube £723, i.e.V4,4'-methylene ,bis(dithio^rtf matej, in.such greases to provide extreme pressure 
io\ antiwear properties. Exarnples '1 3-j 8 describe usijngt Vantage. J723 e nd,tciar>riph.o^piiate, as replacements for 
lead naDhthenate and zinc dithiophosphate. ^ . . " 

The use of dithiocarbamates as extreme pressure antiwear additives, is .also tagght by -U.S. Patent No. 
. 4,859,352, and U.S. Patent No. 4 t 648,985 teaches ttiat the combination. of. djjth^^ with zinc dithio- 

phosphate and copper salts of carboxytjc acid provide ^ubricants with extreme pressure properties. 
is ' ' tJ.S. patent No. 4,383,931 discloses using lubricating qiJi.Qonteining^n oil-SQtuble molybdenyl bis^-p-di- 
ketortate in combination with zinc dithiophosphate. Methylenejbis(c^ used as 

ashless~an^ioxidants and extreme pressure agents.' . 

U.S. Patent No. 4,501,678 discloses using lubricating oils^contajning ^n alkyl thioc^bahibyl compound 
and either a moly&dehum^thipca or a molybdenum organppjlpsjphorpdithioate^ 

20. " . \U.^^Pa't^nt No. 4,609,480 discloses t using tubric|ting oils C9nteining 30, aJkyi thiocarbarnoyi compound 
"**" arid a 1 ,3,4-th'iadiazdle compound. The oils can also contain, among other things, sulf urized oxymolydenum 
organophosphorodithioates. 
' _ Aj>rdbli 
poison catalyst 

. 25 . verfers are needed tp } reduce pollution and to meet governmental reflation s desig/ied to reduce toxic gases, 
.' such as hydrocarbons, carbon monoxide, and n^ 

* Such catalytic converters generally use a combination of catalytic metals, such as platinum or variations, and 
metal oxides and are installed in the exhaust streams, e.g., the exhaust pipes of automobiles, to convert the 
toxic gases tp nontoxic ga^es. As befpre mentioned these catalyst components are poisoned by the phosphor- 
3d J '/'oUs component, or the pHosphorpus deepmpositiph products i of th| zfpc cJithipphosphate; arid accordingly, the 
use of engine oils ^'c^nbining.pfiosphqrous aVditives^may subs^ntially i;educe the^ife and effectiveness of cat- 
alytic converters. Therefore, 1 it would be desirable to reduce the phosphorous content in the engine oils so as 
" '" to maintiain the act rvity and extend the life of the c^tamic converter. 

There is also governmental and autdrhpt ive industry pressure fowards reducing phosphorous content; for 
"35 ex^mple^United States Military Standards MlL"-L-461 52E and the il-SAd Standards defined by the Japanese 
and United States Automobile Industry Association require engine oils to haye phosphorous epptent below 0. 1 2 
\^.'%. The' phosphorous content in most high-grade engine oils. con^ dithiophosphate is approxi- 

mately 0?.1 wt. %, and thus meet the 0M2 wL°/o rBquiremeht. Nevertheless, it would be desirable to decrease 
the amount of zinc dithiophosphate in lubricating oils," stilf. further, thus reducing catalyst deactivation and 
40 hence increasing' the life, and efTectrveness of catalytic converters. However simply decreasing the amount 
' of zinc "dithiophosphate 'presents problems because this necessarily lowers the. antiwear properties and oxi- 
dation inhibition properties of ^the lubricating oil. . . ;j 

. .Meanwhile, recent engines instalfed in ; mdtor cars are apt tp. ^e used tp satisf ^severe demands (high speed 
girid/or high power) and the viscosity of engine oils tends to be more and more lowered to reduce' viscous re- 
45 v sistarice in order to improve fuel-eff iciency! iFor these re^pns, conditions concern lubrication of engines 
are becoming severer and severer, and therefore the antiwear property ofjengirie'pjls is becoming more and 
more important. However, the known engine oils, which contain del^ent-dispersant and zjhc dithiophosphate 
as main additive components, can not satisfactorily prevent engine troubles 'caused by wear. Therefore, it is 



desired to take measures to meet this problem. ...... r - :J 
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SUMMARY OF THE INVENTION 

The present invention provides a low-phosphorous lubricating oil. composition for internal combustion en- 
gines that shows high antiwear performance in spite of low viscosity! Thatcpmppsition has a major amount 
of a base oil of lubricating viscosity, from 0.5 to 20 wt.%^of metaf-cpnteining detergent, from 0.1 to 3 wt.% of 
zinc dithiophosphate, from. 0.5 to 15 w^.% of bdron-corijainihg ashless dispersarit, and from 6.01 to 3 wt.% of 
an antiwear agent, preferably from 0.05 to 2 wt.% antiwear agent! The. antiwear agent has an aliphatic amide 
compound and either a dithiocarbamate compound or an ester derived from a fatty acid and boric acid. 
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' Preferably, theVihc dithiophosphate is a secondary alkyhtype. " iH c ° r ' 
Preferably, the boron -containing ashless d is persant comprises frbrriTj.1 to 5 wt.% boron, moVe preferably 
from 0.2 <to 2 wt.% boron. The 'prefer red dispersant is a succmimide derivative. 

•• IncJuded'withrn the broad definition of dithiocarbarriate compounds are metal salts of dithiocarbamate com- 
pounds, such as zinc dithiocarbamate, copper dithiocarbamate, or molybdenum dithiocarbamate. 
' " Also' included vvithirirthe broad definition of dithiocarbaVri^te'co'mpounds aredithiocarbdrhate compounds 
having the formula: * " ' 



. 1 . 

• - > \ I u 



10 



R S " " S " R 



N — C — (X) — C t N. -V. icr >. .< - :o 



v ' - ' ■ - : 1 



s - where R 1 ; R 2 , : R 3 and R 4 are the same or different arid each representsVh alkyf group of 1 td18 carbon atoms, 
2 and;(X) represents^, S-S, S-CHj-S, S-&- r (iH^£/ S-CH^H^CH^S, or ^-CRj-CHtCHa^S; Preferably, R\ 
R 2 , R 3 arid l R 4 are independently selected from alkyt groups havinig 1 to 6 carbon atoms. Wore 0 preferably, the 
20 ditHiocarbamate compo^^^ ' ' c ! ° ** ' lv; 

Preferably, the ester is derived from glycerol, boric acid and a fatty acid having 8-24 carbon atoms. That 
ester can have the following formulas: * » 

' H. " J ■' '••■ r ;-3-. ^n^i iT^^M N^^ 1 '. .■•-.^■r.a*. ; . i. r' .\ -i.XOiO ■ k: }' . S :VV 



X4 '**"' 
* . . » t. 
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j. i ; . •* r». - : - < r :\h r t tn tu s.i ' • w r. r- i r '? J t . .*i a i?.'; !*.;.•::. 

.t: •trg-tift.u f .-. - : : CH 2-*" — Z. . * * . o • "* . : \ \. ■ 

CH 2 — Y 
X — CH 2 I 2 

I 

PH — 7 

• HGr-.0< V V ' • ! "' 

:; : , , , B — O-^GH 2 (I I) 

H 2 C — 

- - 

-• t 1 > ■ .< . " i ? • ■ » »* • c . % ■ * ; * t * V 

• • ■ . . X » i • 
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7 . I • . ... B — OH , . . . (HI) - ; 
H 2 C — O x 

« — 

wherein X, Y and Z are the same or different and each represents a group selected from the group consisting 
of a hydroxyl group and an alkylcarboxyl group. 

This invention can further involve an additive concentrate having100 weight parts of a metal-containing 
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detergent, from 10 to 700 weigrj^part^qf.a^bkorortcoraajnwg ashless dispersant, and/rom 1 to 200 weight 
parts of the antiwear agent described above.. ^ r. 

It is an object of the present invention, to provide an enpine,pij /or motor cars of which phosphorus content 
in lowered, but of which entiwear^roperty is noHnferior to ofthe known engine oils, containing zinc di- 
thiophosphate at a convent tonal, high content Level. ^ t w iu* ..--ir-j r 1 A 

.. It/is another object of trje pres^q^vention to provide an engine oil fonmotpr cars which 'Shows high an- 
tiwear performance in spite of low viscosity. 

DETAILED DESCRIPTION OF THE INVENTION 



It has been found that the combination of an aliphatic amide compound with either a dithiocarbamate com- 
pound or an ester derived from a fatty acid and boric acid gives high antiwear performance in the presence 
of a boron-containing ashless dispersant; ~ *' % \ 

The present invention resides in an engine oil composition comprising a metal-containing detergent, zinc 
5 dithiophosphate, a boron-containing ashless dispersant, and an antiwear agent having an aliphatic amide com- 
pound and either a dithiocarbamate compound or an ester derived from a fatty acid and boric acid. 

A variety , of metal-containing detergents, zinc dithiophosphate, boron-containing ashless dispersants and 
% vbase oils., are .known. These known/materiala op their analogous compounds can. be employed for^the prepa- 
. ration of the engine.oii of the invention. Further,-viscosity ijldeoc improvers are usually added to- the engine 
5 oils in order to adjust viscosity #s Representative example§,.of > t|iese materials are described below: 



— ■ t t <z — 



METAL-CONTAINING DETERGENT ...... , . r > Ci t . A 

As the metal-containing detergent, a metal phenate or a metal sulfonate is generally employed. The metal 
5 phenate is an alkaline earth metal salt of sulfide of alkylphenoKhaving an alkyl group of approx. 8-30 carbon 
atoms. Generally employed alkaline earth metals are calcium; magnesium and barium. The metal sulfonate is 
an alkaline earth metal salt of a sulfonated aromatic compound ora sulfonated mineral oil having a molecular 
weight of approx. 400-600. Generally employed alkaline^ eartKmetans are also calcium, magnesium and barium. 
The metal phenate and metal sulfonate .can b k e used singly or in combination. Also employed are other metal- 
3 containing detergents such as salicylate, phosphonate and naphthenate of alkaline-earth metals. These de- 
tergents can be employed single or in combination. ThVaforementipned phenate and sulfonate can be em- 
ployed in combination with these otrjer metal-containing detergents. 

The metal-containing detergents may be of a neutral type or of an over-based type having an alkalinity 
value of 150-300 or more. The metal-containing detergent is generally incorporated into an engine oil in an 
5 amount of 0,5-20 wt% per total amount of the engine oil. 



ZINC DITHIOPHOSPHATE 



With respect to the zinc dithibphbspliate, preferably used .as an antiwear agent or an oxidation inhibitor is 
3 zinc dihydrocarbyldithiohosphate having an alkyl group of 3-18 carbon atoms or an alkyiaryl group including 
an alkyl group of 3-18 carbon atoms. This agent is generally incorporated into an engine oil in an amount of 
0.1-3 wt.% per total amount of the engine oil. 



BORON-CONTAINING ASHLESS DISPERSANTS 



Representative examples of boron-containing ashless dispersants are boron-containing compounds pre- 
pared by boration of succinimide, succinic ester, benzylamine and their derivatives each of which has an alkyl 
or alkenyl group of a molecular weight of approx. 700-3,000. A' preferred amount of boron contained in these 
ashless dispersants is 0.1-5 wt.% (especially 0.2-2 wt.%). The particularly preferable boron-containing ashless 
3 dispersant is a succinimide derivative containing boron in an amount of 0.1-5 wt.%. The boron-containing ash- 
less dispersant is generally incorporated into an engine oil in an amount of 0.5-15 wt.% per total amount of 
the engine oil. Needless to say, the boron-containing ashless dispersants can be use in combination with ash- 
less dispersants containing no boron. 

- ; ; - 

VISCOSITY INDEX IMPROVER 

■ . • * '" {> ■ • . :*» . ' 

Examples of the viscosity index improvers are poly- (alkyl methacrylate), ethylene-propylene copolymer, 

styrene- butadiene copolymer, ^ and. polyisoprene. Viscosity index improvers of dispersant type (having in- 

5 
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creased dispersancy) or multifunction type are also employed. Jhese.viscosity index improvers can be used 
singly or in combination. The amount of viscosity index improver to be~ incorporated into an engine oil varies 
with desired viscosity of the compounded engine oil, and generally in the range of 0.5-20 wt.% per total amount 
of the engine oil. " 

BASE OIL 

The base oil may be a mineral oii-or synthetic oil or a blend of mineral oils and/or synthetic oils blended 
to give a base oil of the desired internal combustion engine oil viscosity. Typically, individually the oils used 
10 as its base oil will have a viscosity range of about from 10 to 120 cST at 40°C and will be selected or blended 
depending on the desired end use and the additives in the finished oil to give the desired grade of engine oil. 

Details of the aliphatic amide compound ,the dithiocarbamate compound, and the ester compound which 
are added into the engine oil of the invention are described below. 

15 AUPHATIC AMIDE COMPOUND • * ' 

; . i ! .,— *•. ■ 

A preferred aliphatic amide compound used in the engine oil composition of the invention is an amide com- 
pound of a fatty acid preferably having 8-24 (especially 12-20} carbon atoms or its derivative. Such fatty acid 
may be saturated or unsaturated, but an unsaturated fatty acid is preferable. Other functional groups can be 
20 included in the acid. Particularly preferable examples of the amide compound are oleic amide and oleic amide 
sulfide. 

DITHIOCARBAMATE COMPOUND 

25 The dithiocarbamate compound that can be used in the engine oil composition of the invention is an alkyl- 

thiocarbamoyl compound represented by the following formula: 

■s, 

1 *":.-*.» 3 

R S B R 



30 



35 



# ■ . ■ . - % , i i , ■ 



2 . 4 



whereiri ft 1 R 2 , R 3 and'R 4 'a : rfe the same or different and each' represents an alky! group of 1-18 carbon atoms, 
and (X) represent's'Sr S-S,' S-CHr S, S-CH2-CH2-S, S-CH2-CH2-CH 2 -S f or ^ChrCH(CH 3 )-S. These are 
known compounds a'nd can 'be prepared by known, procedures, arid in some cases have been employed as 
vulcanizing accelerators arid as additives for gear oils arid turbine oils and hence readily commercially avail- 

40 * able. Referring to the R 1 ; R 2 R^and Regroups, the alkyl .group"' may be linear (straight chain) or branched chain 
and preferably have f through 10 carBon atoms, more preferably 1 through 6 barbon atoms. Typical alkyl groups 
include, for example, methyl, ^th^Vpro^/h-btit^ isobutyl/pentyj, isdpenfyl, heptyl, octyl; 2 : ethylhexyl, nonyl, 
decyl t .and dodecyl. Typical examples of the thraclrbamate compounds of the formula are methylene bis(di- 
' butyldithiocai^ bis(dimeth^miocarbamoyf)disulf ide, . bis(di- 

45 butylthiocarbamoyl)disuif ide, bis(diamyltiocaroarm and bis(dioctylth ibcarbamdyi)disulf ide. 

- Further, metal dithiocarbamates such as zinc dithiocarbamate, copper dithiocarbamate and molybdenum 
dithiocarbamate are also employable and it is particularly advantageous to use f these metal dithiocarbamates. 
These compounds can be used singly or in combination of two or more compounds. 



50 ESTER DERIVED FROM A FATTY ACID AND BORIC ACID 



The ester that can be used in the engine oil composition of the invention is an ester derived from a fatty 
acid and boric acid. A preferred example of such ester is an ester which is derived from glycerol, boric acid 
' and a fatty acid having 8-24 carbon atoms and which' is represented by one of the following formulae (I), (II) 
55 anci (III): *' . 
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| B — O-CH (I) 

H 2 C-0 / ' _ 
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is HC — O 
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CH — lL 



\ I ;■ <- ^-1=15. .-.1 

B — O-CH 2 (II) 



.- v. 



X — CH, 
I * 



H,C — O 



B OH :r •■' 39 ^" f (111) 
/ 



In the above formula (I), (H) and (l/l), X, Y and Z are the same or different and each represents hydroxyl 
group (-OH) or an alkylcarboxy| group (-OCOR: R represents an alkyl group of 7-23 carbon atoms of straight 
chain type or branched chain iype and it may be saturated or\in saturated.) 

The engine oil of the invention may contain various additio'rtal additives other than those described above, 
35 if desired. Examples of such additional additives include known oxidation inhibitors, extreme pressure agents, 
. corrosion, inhibitors, rust inhibitors, friction modifiers,^ pour point jlepressants. In ad- 

dition to these additives, other antiwear agents anjd ot^errnuJti-functiona] additives (e.g., organic molybdenum 
compounds such as molybdenum dithiophosphate) may be employed in bgrnbination. . 

In the preparation of the engine oil of the. invention, the additives can be added to a base oil separately. 
40 However, the engine oil is preferably.'prepared by pefprefiaiuj producing ati additive composition comprising 
essential components which include a rrietal-containing detergeHti,a,borbn-con^ining ashless dispersant, zinc 
dithiophosphate, and t^e abpy^mention'ed aliphatic amide compound (1) and/or dimipcarbamate compound 
(2), and optional cpmptirienis (generally dissolved of dispersed Tn„a base oil at a high cpacentration); and then 
. -incorporating thus produced addit'rve comp r osStiori, a viscosity jn^ex jmprqvex ajici bjher optional components 
45 into a large amount of base oil. The additive composition is preferabry "prepared by mixing..') 00 weight parts 
of a metal-containing detergent, 10-700 weight parts of an ashless dispersant, and ^-2QQ weight parts of the 
' aliphatic amide compound and/of the jdithipcarbamate compound. ',. . 1 ' 



EXAMPLES 



• . ' ' * ' "J ' » i ' 



The invention will be further illustrated by following examples which set forth particularly advantageous 
method embodiments. While the Examples are provided to illustrate the present invention, they are not in- 
tended to limit it * . 

Various engine oils prepared from the same paraffinic mineral pil^viscosity index value: 1 100), viscosity 
55 index improver, pour point depressant, metal- containing detergent, zinc dithiophosphate 'and pxidationjnhib- 
itor; and various ashless dispersants and other additive components are set forth in Table T. (The engine oil 
sample Nos. 3-4 are examples of the invention and the sample Nos. 1-2 and 5-8 are comparison examples. 
Every sample has a viscosity condition of SAE 5W30 and the phosphorus content of every sample is 0.08 
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wt%.) With respect to wear of valve train system/the performances of tfiese engine oil'samples were evaluated 
r by the following method: ■ r : - ' ' " \ u ' ' * ' ! 

According to Japanese Automobile Standards Organization (JASO) M328-91 , bench scale monitoring test 
was performed in 1.5 litter; straigrit ! 4 cylinder, "OHC gasoline engine (TOYOTA type^3A) from which pistons 
5 and connecting rods had been beforehand detached. After the engine was worked by ah electric motor at 
1000±50 r.p.m. at 60-65 °C (oil temperature) for 200 rfours, degree of scuff ing (rated by scuffed area) occurring 
on the rocker arm pad (the face where the cam meets the rocker follower) was evaluated and presented in 
the form of demerit grading points 0-100 (i.e., the value of 0 means the best and the value of 100 means the 
worst performance). 

10 

o '-. .r: „* rv.t*v :»* " .c : ■ 'Table I ' - - * * - . . - - * ■ . *. 

























Engine oil samples 




No.2.'« 


No.3 


No.4 . 


;No.5 


No.6 


No.7 


No.8 


15 


Ashless d is per sant I 


'•. J£ i 

* V 




*« 


*' . > 


5.0 


5.0 


5.0 




Boron-containing ashless dispersant 
II 


5.0 


" . - V 

5.0 


5.0 % . 

* 


5.0 , 


.-•■« -r 






5.0 




Metal-containing detergent' 1 * ■« 


2.7 ■' , 


2.7 


2:7 - 


2.7;- 


2.7 


2.7 


2.7 


2.7 


— \ 
26 " 


Zinc dlthiophosphate , 


1.1 


,1.1 


lv 

1.1 . - 

. . . ■ i 


1.1 _ 


.1,1 - 


.1.1 


1.1 


1.1 




Oxidation inhibitor 


no"*' - 


1.0 




1.0 


1.0" " f 


i.o 


1.0 


1.0 




Aliphatic amide compound 


0.5 




Q.2 


0.2 




0.5 






25 


Dithiocarbamate compound 

r 

Boric ester - -r v 


A 


0:5 t 


0.3 


0.3 






0.5 






Viscosity index improver 


7.7 


7.7 


7.7 


7.7 


7.7 


7.7 


7.7 


7.7 

•i 


30 

...» 


Pour point depressant • ; ^ r. % 


0.5 '» 


r0.5 , 

» r 


0^5 

* 


■ \ 

{ 0.5 ; , 


0.5 j .. 


■ . * • ■ 


0.5 


0.5 




Paraffinic mineral oil 


81.5 

r w 


81.5 . 


81.5 

r ? . ' 


81.5 


82.0" 


81.5 


81.5 


82.0 


35 


Valve train system motoring test 

' (grading point) e ' " ■' J - v e- ,s 


AA . 


v ■ - 

.2.8 . 


0 , , 


0, , 


73 


26 , 


31 


11 
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...Further, other supplemental additiyes r such as anti-foaming agent were added when they were required. 
Details of the additives set forth in Table i are as follows: 
Ashless dispersant I: Succinic imide 
40 , i Boronrcontaining ashless dispersant II: Boric acjd-modif ied succinic imide (con.tent.of boron: 0.4 wt.%) 
Metal-containing detergent: Mixture of calciunysulfon ate/and calcium phenate : . 
Zinc dithiophosphate: Zinc dihydrocarbyl- dithiophosphate (of secondary alkyl type having 4- 6 carbon 
atoms; content of ^ phosphorus:. 7.2 wt.%) / / 

Oxidation inhibitor Mixtufe of, dialkyldipheny! amine and hindered phenol - 
45 Aliphatic amide compound: Oleic amide 

r Dithiocarbamate compound: Molybdenum dithiocarbamate ~ ^ • ,: •* ' 

Boric ester Mixture of the compounds represented by the above formulae (I) and (II) (at least one of X, 
Y and Z is oleic acid residue, and the others are hydroxyl groups). The mixture contains about 1 mole of oleic 
acid residue arid 2 mole of glycerin residue per 1 mole of boric acid residue. 
so " v Viscosity index improver Ethylene-propylene' copolymer derivative (dispersant type) 

Pour point depressant Polyalkylmethacrylate 

u Paraffinic mineral oil: 100 Neutral. oil having viscosity index value of 100 

As is clear from the test data set forth in Table 1 4 the engine oil of the present invention, which is prepared 
by incorporating a boron-rcontaining ashless dispersant in combination with an aliphatic amide compound and 
* 55 with either an dithiocarbamate compound or an ester derived from.a fatty acid and boric acid, shows high an- 
tiwear performance against wear of valve train system. 

The engine oil. of the present invention, which is prepared by incorporating a metal-containing detergent, 
zinc dithiophosphate (zinc dithiophosphate), a boron-containing ashless dispersant, and an aliphatic amide 

8 
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40 



45 



compound and with either :aa dithiocarbamate compound or L . an ester deriyed f rom a fatty acid^and boric acid 
into lubricating base oil, shows high antiwear performance against wear of .valve train system,. in spite of com- 
paratively low phosphorus content and viscosity. ... . . . : 

While the present invention has, been described Ayith reference to specific embodiments, this application 
5 is intended to cover, those venous changes and substitutions that may be made by those skilled in the art with- 
out departing from the spirit and. scope of the appended claims.. .... * . 



55 



Claims 



1. A low-phosphorous lubricating oil composition for internal combustion engines comprising: 
-- • - - (a)a major amount ofa base oil of lubricating viscosity;- . .. _ ...... - 

c * > '. : • (b) from 0.5 to 20 Wt.% of metal-containing detergent; 5 ' J c ~ * : -< ?- • ; - 

(c) f rom 0.1 to 3 wt.% of zinc dithiophosphatar 
15' '• ' (d) from 0.5 to 1 5 wt.% of boron-containing ashless dispersant; and y ~ ' - 

(e) from 0.01 to 3 wt.% of an antiwear agent comprising; .. . . ... . . ^ . 

(i) an aliphatic amide- com pound; and - . 

(ii) a compound selectee! from the group consisting of: 

^ \; (1) a dithiocarbamate compound selected from the group consisting of;.. - « -e;; ' 

20 (a) a metal dithiocarbamate selected from the group consisting of zinc dithiocarbamate, copper di- 



thiocarbamate. and molybdenum dithiocarbamate; and 
(b) a dithiocarbamate compound haying the r formu)a: 



. * • . « 



^ XII/ 

c ': - x-c- (X) -C~N • • s ■ • - ■ - i ""' 

t 

, ^ - » * ■ • — ■ - — «- «- 

, . • x • , . . . « \ \.\ j v.r . - „ *: ^i-:.c v. 

30 wherein R 1 , R 2 , R 3 and R 4 are the same or different and each independently represents an alkyl 

group of 1-18 carbon atoms, and (X) represents S, S-S, S-CH 2 -S, S-CH^GHi-S, S-CH 2 -CrVCH 2 - 
.S, or S-CH 2 -CH(CH 3 )-S, and , , . . ■ _ 
• an ester derived frorrva' fatty ^acid and boric acid." > - - : -J* . 

35 2. A low-phosphorous lubricating oil composition according to claim 1, wherein the zinc dithiophosphate is 
a secondary alkyl type. - ■ ■ 

3. ' v A low-phosphorous lubricating oil composition according to claim 1 or 2, wherein the boron-containing 

ashless dispersant comprises 0.1 to 5 wt% boron. ' ; : ( * j ^ 

4. A iow-phosphbfous lubricating oil composition according fo claim 3. wherein the boron-containing ashless 
dispersant comprises' 0«2-ta>2 wt.% boron. ' ~* J-» ''■ ^ "I : : • 

5. A low-phosphorous lubricating oil composition according to claim 1 or 2, .wherein the boron-containing 
ashless dispersant is a succinimide derivative that comprises 0.1 '.to 5 _wt% .boron. 

6. A low-phosphorous lubricating oU composition according to ciafrn 5 t wherein tji^bron-qontaining ashless 
, i dispersant is asuccinimide derivative that comprises 0.2 to 2-wt% b.oron. ~t ' 

7. A low-phosphorous lubricating oil composition. according to '^ny one or rnore of the preceding claims, 
so wherein the aliphatic amide compound is .an amine compound of a fatty acid or. a derivative thereof. 

8. A low-phosphorous lubricating oil composition according to^claim 7; wherein the amine compound of a 
fatty acid is art amide compound of a fatty acid, having from 8* to 24 carbon atoms or a derivative thereof. 



9. A low-phosphorous lubricating oil composition according -to'dairri 8, wherein the amine compound of a 
fatty acid is an amide compound of a fatty acid having fftSm 12 to 2D carbon'atoms or a derivative thereof. 

10. A low-phosphorous lubricating oil. composition according tea claim 9, wherein the fatty acid of the amine 

9 
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compound is unsaturated. 



11. A low-phosphorous lubricating oil composition according to any 'one or more of claims 1 to 6, wherein 
aliphatic amide compound is oleic amide^or oleic amide' sulfide.' ' * *' 



12. A low- phosphorous lubricating oiV composition according to any one or more of the preceding claims, 
wherein the low-phosphorous lubricating oil composition comprises from 0.05 to 2 wt.% of the antiwear 
agent. 

13. A low-phosphorous lubricating oil composition according to any one or more of the preceding claims, 
wherein R 1 , R 2 f R 3 and R 4 are independently selected from alkyl groups having 1 to 6 carbon atoms. 

14. A low- phosphorous oil composition of claim 13 wherein the dithiocarbamate ' corn pound is methylene 
bis(dibutyldithiocarbamate). . 

* 5 15. A low-phosphorous lubricating oil compos it ion according to any one or more Of the preceding claims, 

wherein, said ester (2) is an ester, derived from glycerol, boric acid and a fatty acid having 8-24 carbon 

atoms, wherein the ester is selected i from the group cons isTihg of:. 
(1) an ester having the formula: 



10 



20 



X;-~ G.H* : - ' - 'i i'Vi, * ' i - 4 ' V 



l * 



H 2 C— O 



B — O-CH (I) 



•V- 



CH,— Z 



(2) an ester having the formula: 



30 



I 

35 HC — O 



X _CH 2 CH 2~ Y 



CH — Z 

\ I 



B — O-CH 2 (II) 
H,C — 



40 



(3) an ester having the formula: 



X-CH 2 

45 | 

HC — O. 

B — OH (III) 

so H 2 0 — O // 

wherein X t Y and Z are the same or different and each represents a group selected from the 
group consisting of a hydroxyl group and an alkycarboxyl group. 

55 16. An additive concentrate comprising: 

(a) 100 weight parts of a metal-containing detergent, 

(b) from 10 to 700 weight parts of a boron-containing ashless dispersant, and 

(c) from 1 to 200 weight parts of an antiwear agent comprising: 

10 
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« 

(i) an aliphatic amide compound, and 

(ii) a compound selected from the group consisting of: 
(1,) a dithiocarbamate compound, and 

(2) an ester derived f rem a fatty acid. and. boric acid. . 



: » . » i * 1 



1.7. An additive concentrate according. to claim 16, wherein the boron-containing.ashl.es8 dispersant compris- 

. es 0.1 to 5 wt% boron... „ t . . .. - % ^ ■ „. . < 

18. An additive concentrate according to claim 17, wherein the boron-containing ashless dispersant compris- 
10 esp.2.to2wt%.borpn... . ^....^ , : A# , , . , . . • , ; :<h : -- 

19. Ah additive according to claiml 6, wherein the boron-containing ashless dispersant is a'succinimide der- 
ivative that comprises 0.1 to .5 wt.%<boron.. ... . _ , . 



20. An additive concentrate according to claim 16, 17, 18 or 19, wriereiri the' aliphatic amide compound is an 



amine compound of a fatty . acid or derivative thereof. } 



21. An additive concentrate according to claim 20, wherein the amine compound or a fatty acid is an amide 
compound of a fatty acid having from T8 to 24 carboh aloms. 

2D 22. An additive concentrate according to claim 21, wherein the amine compound of a fatty acid is an amide 
compound of a fatty acid having from 12 to 20<:drtJorrat6ms. 

23. An additive concentrate according to claim 20, 21 or 22, wherein the fatty acid of the amine compound 
is unsaturated. 



24. An additive concentrate according to claim 16, 17, 18 or 19, wherein the aliphatic amide compound is 
oleic amide or oleic amide sulfide. 1 \ ■ — i\-> 



f 



**■ t ' 



•* * • :.->* * • 



.< • » . 
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